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(54) Exhaust gas purifying filter 

(57) It is an object of the present invention to pro- 
vide an exhaust gas purifying filter capable of adsorbing 
soot with a high efficiency and having high burning char- 
acteristics. 

In the exhaust gas purifying filter, an upstream 
chamber 1 1 and a downstream chamber 1 2 are parti- 
tioned from each other by a partitioning wall 1 5 compris- 
ing a porous material having many through-pores. An 
exhaust gas 5 is introduced into the upstream chamber 
11, thus passing through the partitioning wall 15 and 
flowing into the downstream chamber 12. The total vol- 
ume of through-pores having diameters in a range of 5 
to 20pim is in a range of 30 to 80% of the total volume of 
all through-pores of the porous material. The total vol- 
ume of through-pores having diameters in a range of 20 
to 200jxm is in a range of 20 to 70% of the total volume 
of all through-pores of the porous material. 
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Description 

BACKGROUND OF THE INVENTION 

s 1. Field of the Invention * 

The present invention relates to an exhaust gas purifying filter and more particularly, to a filter capable of adsorbing ' 
soot with a high efficiency and having high burning characteristics. 

w 2. D scription of the Related Art 

Soot is contained in a gas exhausted from an internal combustion engine such as a diesel engine. Methods of 
adsorbing the soot by the exhaust gas purifying filter and purifying it have been investigated. 

As the exhaust gas purifying filter, a porous material consisting of cordierite, SiC, and the like and having a large 

15 number of through-pores formed therein is known. In a monolithic filter of wall flow type which purifies exhaust gas 
which passes through a partitioning wall, in case of the diameters of through-pores are small when the exhaust gas 
passes through the filter, a pressure loss of the filter becomes greater, which may deteriorate the performance of the 
engine. On the other hand, in case of the diameters of the through-pores are large, a part of the soot passes through 
the partitioning wall of the filter, which deteriorates the soot adsorbing efficiency. 

20 In order to improve the soot adsorbing efficiency and decrease a pressure loss of the filter, an exhaust gas purifying 

filter is proposed as disclosed in Japanese Laid-Open Patent Publications Nos. 5-23512 and 5-139861. The diameters 
of pores of the porous material of these exhaust gas purifying filters are adjusted to be 1 - 15p.m. 

However, the soot adsorbed by the exhaust gas purifying filters accumulates on the surface of the partitioning wall 
of the porous material of the filter. The accumulated soot is removed by burning it by an electric heater or a burner. 

25 However, the ignition temperature and the burning temperature of the soot adsorbed by this method are high. Thus, 

the filter consisting of cordierite is partly melted or cracked. Therefore, the method of adsorbing the soot on the surface 
of the partitioning wall and burning the soot has not yet been adopted in a vehicle widely. 

SUMMARY OF THE INVENTION 

30 

The present invention has been devised in view of the above-described problems. Accordingly, it is an object of the 
present invention to provide an exhaust gas purifying filter capable of adsorbing soot with a high efficiency and having 
high burning characteristics. 

In order to achieve the object, there is provided an exhaust gas purifying filter comprising a porous material having 
35 a large number of through-pore formed therein, the large number of through-pores first through-pores of 5 - 20*im in the 
total pore volume of the first through-pores occupying 30 - 80% of the total volume of all through-pores of the filter, and 
second through-pores of 20 - 200jim (exclusive of 20) in diameter, the total pore volume of the second through-pores 
occupying 20 - 70% of the total volume of all through-pores of the porous material. 

The diameters of the through-pores formed in the porous material are in the above<tescribed range. The diameters 
40 of the through-pores in this invention are greater than that of the through-pore formed in the conventional filter on the 
average. Therefore, when exhaust gas passes through the partitioning wall, soot contained therein is adsorbed not only 
on the surface of the partitioning wall but also by the through-pores formed in the inside of the partitioning wall. Conse- 
quently, the soot contacts the filter in a great area. 

Because the soot is adsorbed in a wide area on the surface of the partitioning wall and by the through-pores formed 
45 in the inside of the partitioning wall, oxygen contained in the exhaust gas passing through the partitioning wall contacts 
the soot in a great area. Therefore, the soot adsorbed by the filter can be burnt at a lower temperature, compared with 
the soot adsorbed by the conventional filter. Further, because the ignition temperature of the soot is low, the soot can 
be burnt at a low temperature and without generating flame. Accordingly, the filter of the present invention improves the 
burning characteristic of the soot. 
so Further/because the partitioning wall of the filter has the above<fescribed pore distribution, it serves as not only 
the burning place of the soot, but also a reaction place for purifying NOx. 

If the diameters of through-pores are not distributed in the above-described range, i.e., if a large number of through- 
pores having small diameters is formed in the porous material, the soot accumulates on the surface of the partitioning 
wall, which prevents the soot from being adsorbed by the pores inside the wall. Consequently, the pressure loss of the 
55 filter becomes greater and the performance of an engine deteriorates. 

On the other hand, if a large number of through-pores having large diameters is formed in the porous material, 
much soot is exhausted together with exhaust gas. As a result, the soot may be not adsorbed efficiently. 

This and other objects, features and advantage of the present invention will become apparent upon reading of the 



2 



cnno try -cd noi^^M i -» 



EP 0 834 343 A1 



following detailed description and drawings. 
BRIEF DESCRIPTION OF THE DRAWINGS 

5 Fig. 1 is an explanatory view explaining an exhaust gas purifying filter according to embodiment 1 of the present 

invention; 

Fig. 2 is a view showing a method of measuring a pressure loss of the exhaust gas purifying filter of embodiment 1 ; 
Fig. 3 is a view showing the burning characteristic of the soot adsorbed by the exhaust gas purifying filter of embod- 
iment 1 and a comparative example 1 ; 
io Fig. 4 is a view showing a adsorbed state of the soot adsorbed by the exhaust gas purifying filter of embodiment 1 ; 
Fig. 5 is a view showing an adsorbed state of the soot adsorbed by the exhaust gas purifying filter of comparative 
example 1 ; 

Fig. 6 is an explanatory view showing an exhaust gas purifying filter according to embodiment 2 of the present 
invention; 

75 Fig. 7 is a view showing a method of measuring a pressure loss of an exhaust gas purifying filter, according to 
embodiment 4, installed on a vehicle; 

Fig. 8 is an explanatory view showing the shape of a through-pore formed straight in a porous material of the 
exhaust gas purifying filter of the present invention; 

Fig. 9 is an explanatory view showing the shape of a through-pore zigzag in the porous material of the exhaust gas 
20 purifying filter of the present invention; 

Fig. 10 is an explanatory view showing the shape of a through-pore irregular in its diameter in the porous material 
of the exhaust gas purifying filter of the present invention; 

Fig. 11 is an explanatory view showing the distribution of the pores in the porous materials of embodiments 1 , 5, 
and 6 and comparative examples 2 and 3; and 
25 Fig. 12 is a diagram showing the distribution of the pores in the porous materials of embodiment 1 and comparative 

example 1 . 

DETAILED DESCRIPTION OF THE INVENTION 

so The through-pores formed in an exhaust gas purifying filter 1 comprising a porous material may have various 
shapes shown in Figs. 8, 9. and 10. For example, the through-pore 19 shown in Fig. 8 is uniform almost in the diameter 
thereof and extends almost straight. The through-pore 19 shown in Fig. 9 is uniform almost in the diameter thereof and 
zigzag. The through-pore 19 shown in Fig. 10 is irregular in. its diameter. 
The diameter of the through-pore is measured by mercury porosimetory. 
35 It is preferable that the porous material is honeycomb-shaped. 

In the exhaust gas purifying filter of the present invention, a porous material is used as a partitioning wall for allow- 
ing exhaust gas to pass therethrough. 

The diameters of the through-pores of the porous material are not limited to the range of 5 - 20*im and 20 - 200jxm. 
Through-pores having diameters other than the above-described ranges may also be formed in the porous material. 
40 It is preferable that the total volume of through-pores having diameters smaller than Sum or greater than 200jim is 
20% or less of the total volume of ail through-pores. The porous material having through-pores whose diameters are in 
this range adsorbs soot at a high efficiency and is allowed to have an improved soot-burning characteristic. 

If the total volume of through-pores having diameters smaller than 5jim or greater than 200^m is more than 20% 
of the total volume of all through-pores, the porous material adsorbs the soot at a low efficiency and is not allowed to 
45 have an improved soot-burning characteristic. 

The partitioning wall is divided into two layers, namely, a porous material of upstream side (first layer) and a porous 
material of downstream side (second layer), it is preferable that the total volume of through-poreis, of the first layer, hav- 
ing diameters in the range of 20 - 200nm is set to 60% or more of the total volume of all through-pores of the first layer 
It is preferable that the total volume of through-pores, of the second layer, having diameters in the range of 5 - 20pm is 
so set to 70% or more of the total volume of all through-pores of the second layer. 

In the distribution of the through-pores of the entire partitioning wail, the total volume of through-pores having diam- 
eters in the range of 5 - 20pm is in a range of 30 - 80% of the total volume of all through-pores of the porous material; 
and the total volume bf through-pores having diameters in the range of 20 - 200nm is in a range of 20 - 70% of the total 
volume of all the through-pores of the porous material. 
55 According to the above-described way of distribution of the through-pores, the diameters of the through-pores of 
the porous material at the upstream side are great, whereas the diameters of the through-pores of the porous material 
at the downstream side are small. This construction allows the soot to be adsorbed by the partitioning wall at the 
upstream side in which large-diameter through-pores are formed, thus improving the soot adsorbing efficiency and the 
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burning characteristic of the adsorbed soot. 

It is preferable that the thickness of the first layer is set to 20 - 98% of the entire thickness of the partitioning wall 
and that the thickness of the second layer is set to 2 - 80% of the entire thickness thereof. If the thickness of the first 
layer is less than 20% of the entire thickness of the partitioning wall or if the thickness of the second layer is more than 
5 80% of the entire thickness thereof, the soot accumulates on the surface of the partitioning wall, thus clogging the 
pores. Consequently, the burning efficiency of the soot may deteriorate. If the thickness of the first layer is more than 
98% of the entire thickness of the partitioning wall or if the thickness of the second layer is less than 2% of the entire 
thickness thereof, the soot passes through the partitioning wall at a high percentage. Consequently, the soot adsorbing 
efficiency may deteriorate. 

w If the total volume of through-pores having diameters in the range of 20 - 200pm is less than 60% of the total vol- 
ume of all through-pores of the first layer, a large number of through-pores have diameters in the range of less than 
20nm or more than 200^m. If a large number of through-pores having diameters less than 20^m are formed in the first 
layer, the soot may accumulate on the surface of the partitioning wall. Consequently, the degree of the pressure loss of 
the filter increases and the burning characteristic of the soot may deteriorate. If a large number of through-pores having 

15 diameters more than 200(am is formed in the first layer, the burning characteristic of the soot may deteriorate. 

If in the second layer, the total volume of through-pores having diameters in the range of 5 - 20pm is less than 70% 
of the total volume of all through-pores of the second layer, more through-pores have diameters in the range of less than 
5fim or more than 20nm. If a large number of through-pores having diameters less than Sum is formed in the second 
layer, the degree of the pressure loss of the filter may increase. If a large number of through-pores having diameters 

20 more than 20u.m is formed in the second layer, the soot adsorbing efficiency may deteriorate; 

It is preferable to provide a heat conduction control substance with the surface of the porous material and the sur- 
face of the through-pores to improve the heat conductivity thereof. Consequently, the burning efficiency of the soot can 
be improved. It is preferable that the heat conduction control substance has a higher heat conductivity than the sub- 
stance of the porous material to improve the burning efficiency of the soot. As the heat conduction control substance, 

25 SiC, AIN, Al 2 0 3 , BeO and the like can be used. 

It is preferable that the porous material and the through-pores carry catalyst on the surface thereof to improve the 
burning characteristic of the soot. As the catalyst, a combination of a noble metal and an oxide can be used. As the 
noble metal, palladium (Pd), platinum (Pt), rhodium (Rh) and the like can be used. As the oxide, cerium oxide, praseo- 
dymium oxide, samarium oxide and the like can be used. It is possible to use a non-stoichiometric oxide consisting of 

30 cerium oxide, praseodymium oxide, samarium oxide from which oxygen has been partially removed or alternatively a 
solid solution of other elements. 

The above-described catalyst may be directly carried on the surface of the porous material made of cordierite or 
SiC or directly on the wall surfaces of the through-pores. It is also possible to coat the surface of the porous material 
and wall surfaces of the through-pores with powder of an oxide such as AlgC^, Si0 2 , Ti0 2 or 2r0 2 and then apply the 

ss catalyst to the powder of the oxide. It is also possible to apply a mixture of the powder of the catalyst and the powder of 
Al 2 0 3 , Si0 2 , Ti0 2 or Zn0 2 to the surface of the porous material. 

The heat conduction control substance may be applied to the surface of the partitioning wall (porous material) of 
the filter and the wall surfaces of the through-pores, and then the catalyst may be carried on the heat conduction control 
substance. It is also possible to apply a mixture of the heat conduction control substance and/or the catialyst and oxide 

40 powder to the surface of the porous material. 

EMBODIMENT 

EMBODIMENT 1 and COMPARATIVE EXAMPLE 1 

45 

An exhaust gas purifying filter according to an embodiment of the present invention is described below with refer- 
ence to Figs. 1 through 5. 

As shown in Fig. 1, in an exhaust gas purifying filter 1 (hereinafter referred to as filter 1) of embodiment 1, an 
upstream chamber 1 1 and a downstream chamber 12 are partitioned from each other by a partitioning wall 15 made of 
so a porous material with many pores. In order to purify an exhaust gas 5, the exhaust gas 5 introduced into the upstream 
chamber 1 1 passes through the partitioning wall 15, thus being flowing into the downstream chamber 12. 

The cylindrical filter 1 has a diameter of 30mm and a length of 50mm and comprises a plurality of honeycomb- 
shaped cells in the lengthwise direction of the filter 1. Each cell is open at its one end. One of the cells composes the 
upstream chamber 1 1 open at an inlet 71 of the filter 1 , whereas the outlet 72 of the upstream chamber 1 1 is sealed 
ss with a sealer 1 0. The other cells compose the downstream chambers 1 2 open at the outlet 72 thereof, and the inlet 71 
of each downstream chamber 12 is sealed with the sealer 10. 

The upstream chamber 1 1 and the downstream chamber 12 are adjacent to each other through the partitioning 
wall 15. The exhaust gas 5 is introduced into the upstream chamber 1 1 , thus passing through the partitioning wall 15. 
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At this time, soot contained in the exhaust gas 5 is adsorbed by the partitioning wall 15. 

As a result, the soot contained in the exhaust gas 5 is purified. Then, the purified exhaust gas 5 flows into the down- 
stream chamber 12 and exhausted from the outlet 72. 

The method of manufacturing the filter 1 will be described below. 
5 First, in order to allow a molded product to have the composition of cordierite, kaolin, talc, and alumina were mixed 

with each other in a ball-mill at a predetermined mixing ratio for 12 hours to obtain 49wt% of powdery mixture. The par- 
ticle diameters of these substances were 1 iim or less. Then, 1 3wt% of binder (trade name: Celander). 20wt% of graph- 
ite powder (diameter: 50 - 300pm) serving as a pore-forming material, and 18wt% of water were added to the mixture. 
The resulting mixture was kneaded. 
10 Then, a honeycomb-shaped product having a diameter of 35mm and a length of 55mm was obtained by extrusion 
molding. 

After binder-removal, the product was sintered atmosphere at 1440°C for two hours, and the end of each cell was 
sealed with a sealer. Then the product is subjected to heat treatment. As a result, a filter comprising a cordierite porous 
material having a large number of pores was obtained. 
15 A filter of comparative example 1 comprising a porous material having pores whose diameters were all less than 
30^m was manufactured in the same manner as embodiment 1 except that 20wt% of graphite powder having diameters 
of 10 - 30pm was additionally used as a pore-forming material. 

Thereafter, the diameters of the pores of the porous material of embodiment 1 and comparative example 1 were 
measured by the mercury porosimetory. The result is shown in Fig. 12. 
20 As indicated in Fig. 12, in the distribution of the through-pores of the filter of embodiment 1, the total volume of 
through-pores having diameters in the range of 5 - 20pm was 40% of the total volume of all through-pores of the porous 
material. The total volume of through-pores having diameters in the range of 20 - 200pm was 50% of the total volume 
of all the through-pores of the porous material. The total volume of through-pores having diameters less than 5pm or 
more than 200\xn\ was 1 0% of the total volume of all through-pores of the porous material. 
25 In the distribution of the through-pores of the filter of comparative example 1 , through-pores having diameters 

greater than 30pm were not present in the porous material, and the average of all the through-pores of the filter of com- 
parative example 1 was 15pm. 

The burning characteristics of soot adsorbed by the filter 1 of embodiment 1 and the filter of comparative example 
1 were evaluated. 

30 As shown in Fig. 2, the burning characteristics of the soot were measured by a soot burning testing device 3. After 
the filter 1 adsorbed soot generated by the burning of light oil, air 51 was introduced into the filter 1 from the inlet 71 
while the temperature of the air 51 was being raised and exhausted from the outlet 72. The temperature of the air 51 
was measured by a thermometer 30 installed at the inlet 71. A detector 31 for detecting the presence of CO and C0 2 
was installed at the outlet 72. The burning characteristics of the soot were evaluated according to the amount of the CO 
35 and C0 2 generated by the burning of the soot. Supposing that the total amount of the generated CO and C0 2 was 
5ppm, the ignition temperature of the soot was 380°C. 

The result of the measurement of the burning characteristics of the soot is shown in Fig. 3. 
As indicated in Fig. 3, the soot adsorbed by the filter 1 of embodiment 1 started to burn at 380°C. 
The soot adsorbed by the filter of comparative example 1 started to burn at 480°C. 
40 The result indicates that the burning temperature of the soot adsorbed by the filter of embodiment 1 is lower by 
about 100°C than that of the soot adsorbed by the filter of comparative example 1 . 

Then, the burning speeds of the soot adsorbed by the filters of embodiment 1 and comparative example 1 were 
measured. In measuring the burning speed of the soot, after the same amount of soot was adsorbed by the filters of 
embodiment 1 and comparative example 1 , the air 51 was introduced into each filter from the inlet 71 while the temper- 
45 ature of the air 51 was being raised. In order to examine the burning speed of the soot, the time when the total amount 
of the generated CO and C0 2 became 400ppm in relation to the time when the soot started to burn thereof was meas- 
ured. 

The result was that the soot adsorbed by the filter of embodiment 1 was burnt about twice as fast as that adsorbed 
by the filter of comparative example 1 . 
so The state of the soot adsorbed by both filters were examined by observing the sections thereof. 

The result was that as shown in Fig. 4, in the case of the filter 1 of embodiment 1 , the soot 6 was adsorbed not only 
on the surface of the partitioning wall 15 of the filter 1 but also in the interior of through-pores 19 formed through the 
partitioning wall 15. In particular, a large amount of the soot 6 was adsorbed in the through-pores 19 positioned proxi- 
mately to the upstream chamber 1 1 , as shown by oblique cross lines of Fig. 4. 
55 In the case of the filter 1 of comparative example 1, as shown by the right oblique lines in Fig. 5. soot 96 was 
adsorbed by the partitioning wall 95 only on its surface positioned alongside of the upstream chamber 1 1 and no soot 
96 was adsorbed in the interior of through-pores 99. 

The soot adsorbing efficiencies of the filters of embodiment 1 and comparative example 1 were measured. 
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The soot adsorbing efficiency was measured by a smoke meter installed at the downstream side of the filter. 

The result was that the soot adsorbing efficiency of the filter of embodiment 1 was 95%, whereas that of the filter 
of comparative example 1 was 98%. The difference of 3% in the adsorbing efficiency between embodiment 1 and com- 
parative example 1 was so slight that any problems do not occur in the use of the f flter 1 . 
5 The pressure loss of each filter of embodiment 1 and comparative example 1 was measured. 

In measuring the pressure loss of each filter, a pressure gauge was installed at the inlet and the outlet of each filter. 
Air containing soot was introduced into the filter to measure the air pressure by both pressure gauges. In order to meas- 
ure the pressure loss, the relative pressure difference, namely, the air pressure at the outlet relative to the air pressure 
at the inlet was calculated. 

10 The result was that the pressure loss of the filter of embodiment 1 was lower than that of comparative example 1 
by about 20%. Thus, the filter of embodiment 1 is useful in use. 

EMBODIMENT 2 

15 As shown in Fig. 6, the filter 2 of embodiment 2 has a two-layer structure. That is, a partitioning wall 16 of the filter 
is composed of an upstream part 161 confronting the upstream chamber 1 1 and a downstream part 162 confronting 
the downstream chamber 12. 

In the distribution of the through-pores in the upstream part 161 , the total volume of through-pores having diame- 
ters in the range of 20 - 200*im was 90% of the total volume of all through-pores of the porous material (first layer) of 
20 the filter. In the distribution of the through-pores in the downstream part 162, the total volume of through-pores having 
diameters in the range of 5 - 20^im was 90% of the total volume of all through-pores of the porous material (second 
layer) of the filter. 

The method of manufacturing the filter will be described below. 

Initially, a honeycomb-shaped cordierite porous material was obtained in the same manner as embodiment 1 
25 except that the diameters of particles of graphite as a pore-forming material were 5 - 30iim. 

Then, the porous material was dipped in slurry, and the slurry was attached to the downstream part 162 of the 
porous material. The slurry was prepared as follows: 0.85wt% of polycarboxyl ammonium serving as dispersant. 20wt% 
of graphite powder (particle diameter: 20 - 300 urn) serving as a pore-forming material, and 25wt% of water was added 
to 50.65wt% of cordierite whose particle diameter was 0.5jim. The contents were kneaded for dispersing the contents 
30 for 12 hours by a ball miH. Thereafter, 3.5wt% of polyvinyl alcohol (PVA) serving as hardening resin was added to the 
solution. Then, the contents were kneaded for dispersing the contents therein to prepare the slurry. 

Then, the slurry attached to the downstream part 162 of the porous materia) was dried and binder-removed. 
Then, the porous material was sintered at 1400° for two hours in the atmosphere. As a result, as shown in Fig. 6, 
the filter 2 having a two-layer structure was manufactured. That is, the filter 2 had the upstream part 161 having through- 
35 pores whose diameters were in the range of 20 - 200|Lim and the downstream part 162 having through-pores whose 
diameters were in the range of 5 - 20nm. 

The burning characteristic of soot was evaluated by the same method as that described in embodiment 1 . Most of 
soot was adsorbed by the upstream part 1 61 having the larger pores (diameters: 20 - 200jim). The ignition temperature 
of the soot adsorbed by the filter 2 was as low as 380°C. The burning speed of the soot adsorbed by the filter 2 was 
40 about twice as fast as that of the soot adsorbed by the filter of comparative example 1 . 

The pressure loss of the filter 2 of embodiment 2 was almost the same as that of the filter 1 of embodiment 1 . The 
soot adsorbing efficiency of the filter 2 of embodiment 2 was also almost the same as that of the filter of comparative 
example 1. 

45 EMBODIMENT 3 

The filter of embodiment 3 is the same as that of embodiment 1 except that catalyst was carried on the surface of 
the partitioning wall and through-pores. 

As the catalyst, a cerium oxide was used. In manufacturing the filter of embodiment 3, initially, honeycomb-shaped 

so cordierite porous material was obtained by a method similar to that of embodiment 1. Then, the porous material was 
dipped in a solution of a cerium oxide nitrate. Thereafter, the porous material was dried at 500°C for two hours in the 
atmosphere to precipitate solid a cerium oxide on the surface of the partitioning wall partitioning the filter into the 
upstream chamber and the downstream chamber and the interiors of the through-pores. The amount of the a cerium 
oxide carried on the surface of the partitioning wall and the pores was 1 0% of the weight of the filter. 

55 The burning characteristics of the soot adsorbed by the filter carrying the a cerium oxide was evaluated by a 
method similar to that of embodiment 1 . As a result, the ignition temperature of the soot adsorbed by the filter carrying 
the a cerium oxide thereon was 350°C, whereas the ignition temperature of the soot adsorbed by the filter 1 of embod- 
iment 1 not carrying the a cerium oxide thereon was 380°C. 
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That is. the soot adsorbed by the filter carrying the a cerium oxide thereon is ignited at a temperature lower by 30°C 
than the soot adsorbed by the filter not carrying the a cerium oxide thereon. 

This effect can be also obtained when powder prepared from a cerium oxide is applied to the porous material of the 
filter. 

5 The burning characteristic of the soot adsorbed by the filter carrying palladium or platinum thereon in addition to 

the a cerium oxide was evaluated. The result was that the ignition temperature of the soot adsorbed by such a filter was 
as low as 320 - 330°C. 

This indicates that the soot adsorbed by the filter carrying the a cerium oxide and palladium, or platinum thereon is 
allowed to have an improved burning characteristic. 

10 

EMBODIMENT 4 

In embodiment 4, the filter was installed on a vehicle to measure a soot-adsorbed state and the change in the load 
to be applied to the engine thereof under the condition of practical use. 

75 The filter of embodiment 4 was manufactured by a method similar to that of embodiment 1 . The outer diameter of 
the filter was 140mrri and its length was 150mm. As shown in Fig. 7, the filter 1 was installed in the rear of a diesel 
engine 81. A pressure gauge 82 was installed at the inlet 71 of the filter and the outlet 72 thereof. A thermometer 86 
was mounted on the inlet 71 . The burning characteristic of the soot adsorbed by the filter was measured by changing 
the load to be applied to the diesel engine 81. 

20 The result was as follows. When a light loading was applied to the diesel engine 81 and the temperature of exhaust 
gas was low, soot was adsorbed by the filter, and the pressure loss of the filter was great. When a heavy loading was 
applied thereto and the temperature of the exhaust gas become high, the soot adsorbed by the filter started to burn and 
the pressure loss thereof became constant. This is because the amount of the soot exhausted from the diesel engine 
81 became equal to the burning amount of the soot adsorbed by the filter. The temperature at the inlet 71 was 430°C 

25 when the pressure loss became constant. 

The burning characteristic of the soot adsorbed by the filter of comparative example 1 having through-pores whose 
diameters were 1 - 30jxm was measured by a method similar to that of embodiment 4. The result was that when the 
pressure loss of the filter became constant, the temperature of the inlet of the filter was 520°C. 

That is, the soot adsorbed by the filter of embodiment 4 started to burn at the temperature lower by about 90°C than 

30 that adsorbed by the filter of comparative example 1 . Therefore, the filter of embodiment 4 has an improved burning 
characteristic. 

EMBODIMENT 5 

35 In manufacturing the filter of embodiment 5, in order to allow a molded product to have the composition of the 
cordierite, kaolin, talc, and alumina were mixed with each other at a predetermined mixing ratio to obtain 49wt% of pow- 
dery mixture. Then, 13wt% of binder (trade name: Celander), 15wt% of graphite powder (diameter 50 - 200nm), 5wt% 
of graphite powder (diameter: 200 - 300^m), and 18wt% of water were added to the mixture and kneaded. Thereafter, 
a porous material was obtained by a method similar to that of embodiment 1. 

40 in the distribution of the through-pores of the filter of embodiment 5, the total volume of through-pores having diam- 
eters in the range of 5 - 20pm was 70% of the total volume of all through-pores of the porous material. The total volume 
of through-pores having diameters in the range of 20 - 200jim was 25% of the total volume of all through-pores of the 
porous material. The total vo|ume of through-pores having diameters less than Sum or more than 200^m was 5% of the 
total volume of all through-pores of the porous material. , . 

45 The burning characteristic of the filter of embodiment 5 was measured by a method similar to that of embodiment 1 . 
The ignition temperature of the filter of embodiment 5 was 400°C,.and the soot adsorbing efficiency was 95%. 

EMBODIMENT 6 

so In manufacturing the filter of embodiment 6, a porous material was obtained in the same manner as embodiment 
1 except that 5wt% of graphite powder (diameter: 50 - 200nm) and 1 5wt% of graphite powder (diameter: 200 - 300u/n) 
were used as the pore-forming material. 

In the distribution of the through-pores of the filter of embodiment 6, the total volume of through-pores having diam- 
eters in the range of 5 - 20pm was 35% of the total volume of all through-pores of the porous material. The total volume 
55 of through-pores having diameters in the range of 20 - 200^m was 60% of the total volume of all through-pores of the 
porous material. The total volume of through-pores having diameters less than 5|im or more than 200pm was 5% of the 
total volume of all through-pores of the porous material. 

The burning characteristic of the soot adsorbed by filter of embodiment 6 was measured by a method similar to that 
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of embodiment 1 . 

The soot ignition temperature of the filter of embodiment 6 was 380°C, and the soot adsorbing efficiency was 93%. 
COMPARATIVE EXAMPLE 2 

5 , 

In manufacturing the filter of comparative example 2, a porous material was obtained in the same manner as 
embodiment 1 except that 2wt% of graphite powder (diameter: 50 - 200M.m) and 18wt% of graphite powder (diameter:' 
200 - 300^un) were used. 

In the distribution of the through-pores of the filter of comparative example 2, the total volume of through-pores hav- 
w ing diameters in the range of 5 - 20*im was 20% of the total volume of all through-pores of the porous material. The total 
volume of through-pores having diameters in the range of 20 - 200*im was 70% of the total volume of all through-pores 
of the porous material. The total volume of through-pores having diameters less than 5*im or more than 200miti was 
1 0% of the total volume of all through-pores of the porous material. 

The burning characteristic of the filter of comparative example 2 was measured by a method similar to that of 
is embodiment 1.. 

The soot ignition temperature of the filter of comparative example 2 was 440°C, and the soot adsorbing efficiency 
was 80%. 

COMPARATIVE EXAMPLE 3 

20 

In manufacturing the filter of comparative example 3, a porous material was obtained in the same manner as 
embodiment 1 except that 18wt% of graphite powder (diameter: 50 - 200*im) and 2wt% of graphite powder (diameter: 
200 - 300^rn) were used. 

In the distribution of the through-pores of the filter of comparative example 3, the total volume of through-pores hav- 
25 ing diameters in the range of 5 - 20jim was 85% of the total volume of all through-pores of the porous material. The total 
volume of through-pores having diameters in the range of 20 - 200*im was 10% of the total volume of all through-pores 
of the porous material. The total volume of through-pores having diameters less than 5^m or more than 20Qnm was 5% 
of the total volume of all through-pores of the porous material. 

The burning characteristic of the filter of comparative example 3 was measured by a method similar to that of 
30 embodiment 1 . 

The soot ignition temperature of the filter of comparative example 3 was 470°C, and the soot adsorbing efficiency 
was 95%. 

Table 1 shows the soot adsorbing and the soot burning characteristics of the filters (embodiments 1 , 5, and 6 and 
comparative examples 1 through 3). 

35 
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DISTRIBUTION OF 
THROUGH-PORES 


SOOT IGNITION TEM- 
PERATURE* 


RATE OF SOOT 
ADSORBING 




EMBODIMENT 1 


5-20 \x m;40% 
20-200 \i m;50% 


380°C 


95% 


10 




locc than Rum ni* mnrp than 

200 Lim;10% 








COMPARATIVE EXAMPLE 1 


30. jj. m or less; 100% 


480°C 


98% 




rru/iPARATiv/p py AMPLE 2 


5-20 ii m*20% 


440°C 


80% 


15 




less than 5 u m or more than 
200^im;10% 








f"*OfcilDA DATIV/C CYAMPI P 


*i-Pfj it m*ft5% 

s? fcU |4. Ill |Ov fO 


470° C 


95% 


20 




dU-td.UU Li m, lU/o 

less than 5 li m or more than 
200 ji m;5% 








1"" fc Jl r">/""\ l""\ Ilk / C~ MT" c 

EMBODIMENT 5 




d.nn°n 


/o 


25 




20-200 n m;25% 

less than 5 m or more than 
200(im;5% 






30 


EMBODIMENT 6 


5-20 n m;35% 


380°C 


93% 




20-200 ii m;60% 

less than 5 \i m or more than 
200 *im;5% 






35 


SOOT IGNITION TEMPERATURE*: Total amount of the generated CO and C0 2 is 5 ppm. 



Fig. 1 1 shows the distribution of through-pores of the respective filters. 

The table 1 and Fig. 1 1 indicate that the ignition temperature of soot is low and the soot is adsorbed at a high per- 
centage when the total volume of through-pores having diameters in the range of 5 - 2Qnm is in the range of 30 - 80% 
40 of the total volume of all through-pores of the porous material and when the total volume of through-pores having diam- 
eters in the range of 20- 200^im is in the range of 20 - 70% of the total volume of all the through-pores of the porous 
material. 

While the invention has been described with reference to embodiments, it is to be understood that modification or 
variations may be easily made by a person of ordinary skill in the art without departing from the scope of the invention 
45 which is defined by the appended claims. 

Claims 

1. An exhaust gas purifying filter comprising a porous material having a large number of through-pores formed 
so therein, the large number of through-pores comprising first through-pores of 5 to 20hjti in diameter, the total pore 
volume of the first through-pores occupying 30 to 80% of the total volume of all through-pores of the filter, and sec- 
ond through-pores of 20 to 200nm(exclusive of 20) in diameter, the total pore volume of the second through-pores 
occupying 20 to 70% of the total volume of all through-pores of the porous material. 

55 2. The exhaust gas purifying filter according to claim 1 , wherein the large number of though-pores lurther comprises 
third through-pore of smaller than 5um or greater than 200u.m of the total volume occupies less than 20% of the 
total volume of all through-pores. 
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3. The exhaust gas purifying filter according to claim 1 , wherein the porous material is disposed as a partitioning wall 
for allowing an exhaust gas to pass therethrough. 

4. The exhaust gas purifying filter according to claim 3, wherein the partitioning wall comprises a first layer positioned 
5 at an upstream chamber side and a second layer positioned at a downstream chamber side; 

the total volume of second through-pores in the first layer occupying 60% or more of the total volume of all 
through-pores of the first layer; and the total volume of the first through-pores in the second layer occupying 70% 
or more of the total volume of all through-pores of the second layer. 

id 5. The exhaust gas purifying filter according to claim 4, wherein the thickness of the first layer occupies 20 to 98% of 
the entire thickness of the partitioning wall, and the thickness of the second layer occupies 2 to 80%. 

6. The exhaust gas purifying filter according to claim 1 , wherein a surface of the porous material and wall surfaces of 
the through-pores are provided with a heat conduction control substance for improving the heat conductivity of the 

is porous material. 

7. The exhaust gas purifying filter according to claim 6, wherein the heat conduction control substance is at least one 
selected from the group consisting of SiC, AIN, AI2O3, and BeO. 

20 8. The exhaust gas purifying filter according to claim 1 , wherein a surface of the porous material and wall surfaces of 
the through-pores are provided with catalyst. 

9. The exhaust gas purifying filter according to claim 8, wherein the catalyst is a combination of at least one noble 
metal selected from the group consisting of palladium, platinum, and rhodium and at least one oxide catalyst 
25 selected from the group consisting of a cerium oxide, a samarium oxide and a praseodymium oxide. 
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FIG* 1 
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FIG. 4 
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FIG- 6 
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FIG- 7 




14 



EP 0 834 343 A1 



FIG. 
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FIGo. 12 
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